In this paper, I show that conditional volatility of consumption accounts for differences in risk premia across size and book-to-market sorted portfolios both for short and long horizons. In particular, I find that value stocks pay high average returns because they covary more negatively with changes in consumption volatility than what other stocks do. I argue that consumption volatility risk is relevant for interpreting differences in risk compensation across assets. * I thank René Garcia, Nour Meddahi, Magnus Dahlquist, Per Strömberg, Ulf Axelson and seminar participants at Duke University for helpful comments. All errors are mine. Financial support from the
Introduction
A central issue in asset pricing is to examine whether asset exposures to business cycle fluctuations justify differences in expected returns. Over the last two decades or so, financial economists have devoted a lot of energy to justifying observed differences in expected returns across stocks through their sensitivity to good and bad news about consumption. In the basic consumption-based asset pricing model introduced by Lucas (1978) and Breeden (1979) , people only care about the level of their consumption and the exposure of an asset to business cycle fluctuations is measured by the covariance of its payoffs with changes in consumption level. However, lots of empirical studies based on various data frequencies conclude that there are not enough cross-sectional differences in these covariances to justify differences in expected returns observed in the US stock market (Hansen and Singleton (1982) ; Mankiw and Shapiro (1986) ; Breeden, Gibbons, and Litzenberger (1989); Campbell (1996) ; Cochrane (1996) ; Lettau and Ludvigson (2001b) ). Consequently, extending the canonical consumption-based model to accommodate cross-sectional asset pricing puzzles is still a relevant economic issue.
Consumption volatility measures the imprecision that affects agents' expectations about future consumption, i.e. the uncertainty about future consumption. As well as an investor dislikes a low today's consumption level, he also dislikes a high uncertainty on tomorrow's consumption because he fears to end up with the lowest possible consumption level. This intuition is also reflected in two recent consumption-based models by and Lettau, Ludvigson and Wachter (2006) . They both promote the role of macroeconomic uncertainty measured by the volatility of aggregate consumption as a determining factor in the pricing of assets. These models imply that, in addition to the exposure of asset returns to changes in aggregate consumption level, their ability to insure against fluctuations in consumption volatility should determine cross-sectional differences in risk premia. However, while asset pricing properties of consumption volatility put forward in these studies are mainly related to the time series dimension of asset returns, its implications for the cross-sectional dimension has received less attention and constituted the main focus of this paper.
Working on a quarterly basis, I use returns on the five portfolios sorted from growth to value according to each of four different characteristics: cash flows-to-price, earningsto-price, dividend-to-price and book-to-market. I also use returns on the 25 Fama and French size and book-to-market sorted portfolios, the CRSP index and the Treasury bill rate. Empirical studies typically examine single-period returns. However, Bansal, Dittmar and Kiku (2005) show that the risk-return relation changes dramatically as the investment horizon increases. Using return data, I construct multiple-period returns formed by investing in stocks for k periods and then transforming to bonds for S − k periods (1 ≤ k ≤ S). Using data on consumption, I infer an empirical measure of consumption volatility through a GARCH specification. I then measure the volatility risk and the level risk for each of these investment plans, respectively as the covariance of its returns with changes in consumption volatility and with changes in consumption level over the investment horizon.
For various investment plans, as the stock holding period increases, I find a negative and significant spread in covariances with volatility for the extreme value portfolios (e.g. high cash flows-to-price minus low, high earnings-to-price minus low, high bookto-market minus low) and, an increase in the risk-return relation. For an investment horizon of four years, the cross-sectional correlation of expected returns with volatility risk increases from −0.84 to −0.90 when the stock holding period varies from one year to four years. This shows that, at a horizon of four years the covariance with volatility fluctuations would explain from 70 to 80 percent of the variation in expected multipleperiod returns across portfolios. While volatility risk contains very valuable information about the differences in expected returns when stocks are hold over the whole investment horizon, level risk does not. I find that the ability of level and volatility risks to explain differences in mean returns can be quite different across investment horizons.
The volatility risk-return relation is the strongest when stocks are hold over the whole investment horizon and the weakest when they are hold only for a single period. To the contrary, the level risk-return relation is the weakest when stocks are hold over the whole investment horizon.
I use the 25 Fama and French size and book-to-market sorted portfolios and the generalized method of moments (GMM) to estimate linear models that link expected multiple-period returns to both covariance with level and covariance with volatility.
I find that the market price of volatility risk is negative whereas the market price of consumption risk is positive, and both are statistically significant. Since I also find that value stocks have negative and significant covariances with long-horizon changes in consumption volatility, I argue that they pay high average returns because their negative covariances are more so than those of other assets. Despite the strong crosssectional correlation of multiple-period returns with volatility risk, level and volatility risks together are not enough to account for relative expected returns. The GMM test I add to this literature long-run volatility risk and show that it is priced in financial markets even in the presence of long-run level risk. I also relate to the growing literature that tests for volatility factors in cross-sectional asset pricing. Ang et al. (2006) show that a nonparametric proxy of stock market volatility partly explains the cross section of stock returns. Adrian and Rosenberg (2006) decompose the stock market volatility into a short and a long-run components and show that they explain differences in average stock returns. Using household consumption data, Jacobs and Wang (2004) find that the variance of the cross-sectional distribution of consumption growth has some potential to explain asset risk premia.
The balance of the paper is organized as follows. Section 2 uses the optimality condition of a recursive utility investor whose equilibrium consumption growth has stochastic volatility to derive and discuss risk-return relations across different investment horizons and stock holding periods. Section 3 presents the data and analyzes estimates of spreads in volatility risk across stocks. Section 4 discusses level and volatility risk-return relations. Section 5 estimates market prices of level and volatility risks in cross-sectional models and provides a comparison of fits. Section 6 concludes.
Theoretical Motivation
The standard consumption-based asset pricing theory (Lucas (1978) and Breeden (1979)) implies that an investor with time-separable utility and constant relative risk aversion cares only about fluctuations in the level of its consumption. The more general recursive utility model of Epstein and Zin (1989) implies that an investor cares about not only changes in its consumption level, but also changes in the ratio of consumption to total wealth. Epstein and Zin (1989) show that consumption and portfolio choice induces a restriction on the gross return on any asset i that is given by the Euler equation:
where the stochastic discount factor (SDF) is given by:
2)
J t is the information set of the investor at time t, C t is consumption, W t is the total wealth, the parameter of risk aversion is γ, the elasticity of intertemporal substitution (EIS) is ψ, the subjective discount factor is δ and θ ≡ (1 − γ) / (1 − 1/ψ).
In the recursive utility model, I assume that equilibrium consumption growth has the following dynamics: where
An empirical evidence reported by Bansal, Khatchatrian and Yaron (2004) suggests that a rise in macroeconomic uncertainty leads to a fall in asset payoffs. In particular the total investor's wealth will fall due to an increase in consumption volatility and one may think to a positive relation between consumption-wealth ratio and consumption volatility. In consequence, the recursive utility investor cares about changes in the consumption-wealth ratio because of changes in consumption volatility. In the present recursive utility setup, excellent approximations of the consumption-wealth ratio and the logarithm of the SDF are given by ln (C t /W t ) = Φ 0 + Φ h h t and:
Campbell and Shiller (1988), Campbell (1993 Campbell ( , 1996 and Campbell and Vuolteenaho (2004) link the coefficient ρ 1 to the average consumption-wealth ratio generated by a portfolio strategy of a mutual-fund investor who saves a fraction of his mutual fund every period to finance its consumption. 3 Since ρ 1 ≈ 1 as the frequency becomes high, the term (h t+1 − h t /ρ 1 ) will behave as ∆h t+1 and the logarithm of the SDF will depends on changes both in consumption level and in consumption volatility, where p c = γ is the standard price of level risk measured by the risk aversion parameter, and p h is the 2 This follows the Campbell and Shiller (1988)'s log-linearization of the return to consumption claim around the average log consumption-wealth ratio. The constants ρ 0 , Φ h , Φ 0 and p 1 are given by:
3 The coefficient ρ 1 is endogenous to the recursive utility model and Bansal, Kiku and Yaron (2007) suggest to solve for it through the nonlinear equation ln (1 − ρ 1 ) = Φ 0 + Φ h µ h . When the EIS is equal to one, Φ h is equal to zero and the consumption-wealth ratio is constant. In this case, the Campbell and Shiller's approximation is exact with ρ 1 = δ and ln (C t /W t ) = ln (1 − δ).
price of volatility risk given by:
In the asset pricing literature, authors seem to agree that γ > 1, whereas there is still no consensus on ψ > 1 and γ > 1/ψ. A positive relation between consumption-wealth ratio and consumption volatility requires ψ > 1. On the other hand, only γ > 1/ψ is required for the volatility risk price to be negative and this can still be the case with ψ < 1. From (2.6) it is straightforward that the magnitude of volatility risk price increases for a more risk-averse investor and/or a more persistent volatility process.
Under the hypothesis that the recursive utility model is true, the single-horizon
Euler condition (2.1) implies the multiple horizon Euler condition:
where
are respectively the multiple-horizon SDF and the S-horizon gross return formed by investing from time t in the asset i, for the first k periods, and then reinvesting the payoffs from date t + k in the safe asset, for the remaining (S − k) periods. I define R e it,k,S = R it,k,S − R f t,S , the S-horizon excess return with respect to the similar return formed by investing solely in the safe asset. Note that R f t,S is not the return on a bond that bought at time t will deliver a unit consumption at time t + S. An investor who buys at time t an S-horizon investment plan consisting to stay in the safe asset for the whole period is now making a risky decision if S > 1, since future single-period riskfree rates R f,t+j , j > 1 are not known at time t and depend on future macroeconomic uncertainty. 4 The logarithm of the risk-free rate implied by the model is given by r f,t+1 = q 1 − q h h t where:
Because what guides an investor seems to be the comovement between asset payoffs and risk factors, it is appealing to measure the risk for holding an asset as the covariance between the payoff and the risk factor. The sign of this covariance indicates if the asset and the factor move in the same or opposite direction, whereas its magnitude quantifies the degree of this comovement. I rewrite the equation (2.7) as a model of expected returns and using the unconditional expectations operator and the definition of covariance to yield:
where ξ ct,S = ∆c t,S − E [∆c t,S ] and ξ ht,S = ∆h t,S − E [∆h t,S ] are respectively the demeaned S-horizon changes in consumption level (∆c t,S = c t+S − c t ) and in consumption volatility (∆h t,S = h t+S − h t ), p c,S and p h,S are cross-sectional level and volatility risk prices given by p c,S = γβ S and p h,S = p h β S , and β S is a positive constant.
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The risk premium that an investor would require to stay in the stock i for the first k periods and in the safe asset for the remaining (S − k) periods, instead of staying in the safe asset over the whole investment horizon, is defined by the expectation of the corresponding excess return, E R e it,k,S . For a given S, as the risk-free rate part in R it,k,S is common to all assets, differences in E R e it,k,S reflect differences in E R e it,k since the risk-free rate is also known not to be enough volatile. Given N assets, the respective cross-sections of expected k-period stock holding returns, of level risk in 5 For the approximation in (2.9), replace M t,t+S by its log-linear approximation M t,t+S where:
The approximated SDF has the same mean as the true SDF and the coefficient β S would be positive to ensure a positive relation between the SDF and its approximation. The special case β S = 1 is similar to the SDF approximation of Yogo (2005) . Two other special cases are given by:
is minimum.
k-period returns and of volatility risk in k-period returns are defined by the vectors: conomic uncertainty relative to the present, and the investor will require a relatively high premium for holding that asset. The investor will dislike the asset i 2 more than the asset i 1 in a situation where both covariances are negative and the covariance of asset i 1 has the low magnitude. All other things being equal, asset i 2 will have a more higher required volatility risk premium that asset i 1 .
On the other hand, an investor would prefer an asset which excess returns have a positive covariance with changes in consumption volatility. Such an asset acts as an insurance since it pays more in bad states of the economy, and the investor is likely to pay (instead of require) a relatively high premium for holding that asset. On the other hand, the investor will prefer the asset i 1 more than the asset i 2 in a situation where both covariances are positive and the covariance of asset i 1 has the high magnitude.
Asset i 1 provides a better hedging against volatility risk and all other things being equal, asset i 2 will have a more lower paid premium that asset i 1 .
Similar reasonings can be transposed to level risk. All imply from an economic point of view that the price of volatility risk and the price of level risk should be negative and positive respectively. We have seen previously that the recursive utility theory leads to a negative price of consumption volatility risk for risk a risk averse investor who prefers early resolution of uncertainty. The recursive utility theory also shows that separation between risk aversion and elasticity of intertemporal substitution is necessary to account for consumption volatility risk premium since volatility risk is not priced if γ = 1/ψ. The non-separation case which follows the basic CCAPM theory is considered by Parker and Julliard (2005) . These authors essentially investigate the cross-sectional relation (2.9) with k = 1 and without volatility risk. They argue in this particular case that, if the level of consumption reacts with lags to returns, then covariance of returns with changes in consumption level provides a better measure of asset's level risk as S increases than for S = 1. On the other hand, the sensitivity of returns to future long-horizon changes in consumption level can simply be due to the fact that investor has concerns about long-run risks in consumption growth. Bansal, Dittmar and Kiku (2005) also deal with the cross-sectional relation (2.9) in the case k = S and without volatility risk. However, they decompose the level risk into a trend risk and a business cycle risk, which they show are compensated by appropriate multiple-period returns.
I argue that long-horizon changes in consumption volatility are relevant for asset pricing if investor has concerns about long-run risks in consumption volatility. Furthermore, if consumption level reacts with lags to returns, to some extent it should also be the case for consumption volatility. Then, covariance of returns with changes in consumption volatility would provide a better measure of the volatility risk embodied in asset payoffs as the horizon S increases than for S = 1. The innovation of this paper is to show that, in addition to long-horizon consumption growth, long-horizon variation in consumption volatility captures the cross-sectional dispersion of stock returns as well, meaning that long-run consumption volatility risk is economically important even in presence of long-run consumption level risk.
Data and Estimates of Level and Volatility Risks
I use quarterly data for consumption of nondurable and services from 1947:1 to 2005:2, taken from the NIPA tables available from the Bureau of Economic Analysis. The associated PCE deflator is further used to convert nominal returns into real returns.
To measure consumption volatility, I estimate the following GARCH model:
where u t+1 ∼ N ID (0, 1). I further denote by π the vector π = (µ c , φ c , µ h , φ h , σ h ) ⊤ and
Estimation results for this GARCH fit over the entire sample and over the subsample starting in 1963:3 are displayed in Table 1 . I further use parameter estimates and the extracted consumption volatility to compute estimates of demeaned consumption and volatility factors. This GARCH specification, although considered for empirical purposes because of its easy estimation and filtering, shares some properties with the stochastic volatility specification of Section 2. Both volatility dynamics lead to an affine general equilibrium model (see Eraker (2006) ) and are such that the conditional leverage effect is zero and the volatility of volatility is constant. 7 I estimate the model with φ c = 0. The estimation of φ c leads to a negative and insignificant estimate. I notice however that this does not influence the empirical facts documented in this section. 8 I compute empirical volatility risk factors ∆h t,S ( π) from the recursion:
where π is the consistent maximum likelihood estimator of π.
Stambaugh ( The attractiveness of these sets of portfolios in empirical studies is due to the fact that stocks show significant differences in their average excess returns. Panel A of Table 2 shows sample estimates of mean excess returns, covariance between excess returns and changes in consumption level and covariance between excess returns and changes in consumption volatility, for single-period investment in stocks and for the growth (labeled L), the neutral (labeled 3) and the value (labeled H) stocks sorted across the earnings-to-price dimension. Panel B shows the same estimates for the same portfolios sorted across the cash flows-to-price dimension. For each set of portfo-
and
Inference is conducted via the central limit theorem:
and estimates of asymptotic covariance matrices are calculated using the Newey-West procedure with
lios, estimates of the difference between these statistics for the two extreme portfolios are also displayed (in rows labeled H-L).
The data evidence comparable spreads across the two portfolio characteristics; a single-period investment in the highest earnings-to-price firms over height periods pays on average a real quarterly excess returns of 2.65%, whereas in the lowest earnings-toprice firms it pays on average 1.67% per quarter. The highest earnings-to-price firms have more positive covariances of returns with changes in consumption level, and more negative covariances of returns with changes in consumption volatility than the lowest earnings-to-price firms. Except for average excess returns of these portfolios and level risk for the value portfolio, these statistics are at most slightly significant for singleperiod returns whereas it is the contrary regarding multiple-period returns over the same sample. Table 3 shows the same estimates as for Table 2 for multiple-period investment in stocks (full-period). In addition to observed positive spreads for average excess returns and level risk on one hand, and negative spread for volatility risk on the other hand between extreme portfolios, estimates of these spreads are significant for excess returns and volatility risk for various horizons considered in the table. This may announce at this stage the importance of explaining differences in stock returns at horizons more than one quarter.
I finally present average excess returns and risk measures for less aggregate portfolios in Tables 4 and 5 . Portfolios are picked among the 25 size and book-to-market sorted portfolios and each two-digit label xy in the first column of the tables represents one portfolio. The first digit x refers to the size quintiles (1 indicating the smallest firms, 5 the largest), and the second digit y refers to book-to-market quintiles (1 indicating the portfolio with the lowest book-to-market ratio, 5 the highest). I present results for the growth (y=1), the neutral (y=3) and the value (y=5) for small (x=1), mediumsized (x=3) and large (x=5) firms. Except for growth stocks, average excess returns and level risk are significantly estimated for all portfolios in single-period investment in stocks over horizons up to twelve quarters as shown in Table 4 . Evidences for positive spreads in average returns and level risk and for a negative spread in volatility risk between value and growth portfolios are well-related in each size group as the investment horizon increases. The story remains true for multiple-period investments in stocks as shown in Table 5 (2005)). I will say that volatility or level risk rank stocks well if the more riskier is a portfolio, the more higher is its volatility or level risk.
Panel A of Figure 3 shows the pattern of consumption volatility risk by investment horizon when stocks are hold for one quarter at the beginning of the investment period.
At each investment horizon, the top point represents the less riskier stock and the bottom point the more riskier. It can be observed that difference between volatility risks for the extreme value and the extreme growth portfolios is not apparent for S = 1 and S = 2. However, for S > 2, there is a significant gap between volatility risks of these portfolios, with the value line on the bottom and the growth line on the top, which shows that value assets are more riskier than growth assets when investments are exposed to variations in consumption volatility. Because value stocks covariate highly and negatively with variations in the volatility of aggregate consumption and more so than other stocks, this means that their payoffs are lower than those of other stocks when macroeconomic uncertainty becomes higher in the future relatively to the present. Then value stocks are disliked more than other stocks and investors require a more higher premium to hold them. Not surprisingly in Panel A of Figure 3 , the market risk (covariance between aggregate stock market return and variations in consumption volatility) lies between extreme risks (value risk and growth risk).
Panel B of Figure 3 shows the pattern of consumption level risk by investment horizon when stocks are hold for one quarter at the beginning of the investment period.
Contrarily to the pattern of consumption volatility risk across stocks, at each investment horizon, the top point represents the more riskier stock and the bottom point the less riskier. Compared to the pattern of consumption volatility risk, one can observe that for smaller investment horizons where volatility risk sorts stocks as they are ordered according to risk premium, level risk does worst in this sort. Growth assets appear to be more riskier than other assets when exposed to relatively short variations in consumption level, and this clearly appears for S < 6 in Panel B of Panel A of Figure 4 shows the pattern of consumption volatility risk by investment horizon when stocks are hold for the full investment period. This pattern clearly shows that the ranking between asset risks is the same between assets as the horizon increases, value stocks having a more pronounced negative covariance with volatility variations than growth stocks. Once again and not surprisingly, the long-horizon market portfolio risk lies between extreme portfolio risks. Since value stocks also have higher mean returns than growth stocks, one can expect that projecting full period stock returns in stock volatility risks will give a negative slope coefficient.
Panel B of Figure 4 shows the pattern of consumption level risk by investment horizon when stocks are hold for the full investment period. Compared to the similar pattern of volatility risk, one can observe that consumption level risk fails to rank well with the semi-growth portfolio which in all dimensions is riskier than the extreme growth portfolio. In addition, the extreme growth appears to be more riskier than the medium in dividend-to-price and cash flow-to-price dimensions, and even more riskier than the semi-value in the dividend-to-price dimension.
Analyzing the Risk-Return relations
While the previous patterns of volatility and level risks across stocks inform how portfolios are ranked from the less to the more riskier (or from the less to the more preferred), I cannot still assess the strength of the relation between these risks and the total risk premium. Even if portfolios are well-ranked by level or volatility risk at horizons S 1 and S 2 , the strength of the relation between risk premium and risk at these horizons can differ widely. For example, a monotonic cross-sectional relation between risk premium and level or volatility risk does not mean risk premium and risk are strongly correlated in the cross-section. Moreover, a stock can constitute a good hedging against level risk
and not against volatility risk, for some horizons and not for others, and vice versa.
I measure the risk-return relation at each investment horizon S and for each stock holding period k, through cross-sectional correlations between the vector (2.11) of kperiod stock risk premia and the vectors (2.12) and (2.13) of level and volatility risks respectively. These cross-sectional correlations are denoted:
According to the theory elaborated in Section 2, ρ rc (S, k) and ρ rh (S, k) are expected to be respectively positive and negative, and their magnitudes will assess how important are relations between k-period holding stock returns and S-horizon variations in consumption level and in consumption volatility respectively. I finally note that and return, and also oppose volatility risk-return relation to level risk-return relation. Table 6 shows correlations between risk premium and consumption level and consumption volatility risks when both the total investment horizon S and the stock holding period k equal one and two quarters, then one, two, three, four and five years. The second column of the table measures how much one-period returns are correlated to variations in consumption volatility, but also in consumption level as in Parker and Julliard (2005) . One can observe that one-period stock risk premium is weakly and positively correlated to one-horizon consumption volatility risk and this is not consistent with the theory that, when exposed to variations in consumption volatility, riskier investments should have higher average excess returns. Moreover, while volatility riskreturn correlation becomes negative from the horizon of two quarters, it remains weak.
However the volatility risk-return correlation grows as the investment horizon increases.
The second column of Table 6 The diagonal line of Figure 5 and Figure 6 illustrate that changes in consumption volatility are at least as correlated to other multiple-period returns as changes in consumption level, and much more for short investment horizons relatively to the stock holding period.
Prices of Level and Volatility Risks
The striking pattern of volatility risk across stocks and its high correlation with expected excess returns motivates my investigation of how this risk is priced in financial markets, especially when level risk is also taken into account. I inquire how much of the cross-sectional differences in stocks is explained by both level and volatility risks, and this is important since variations in consumption level are uncorrelated to variations in consumption volatility from my GARCH specification. Estimating the volatility risk price in a two-factor model, and evaluating the amount of premium coming from volatility variations will also determine how important are long-run volatility risks in the presence of long-run consumption risks.
Estimation Methodology
Following recent empirical studies of cross-sectional asset pricing (see for example, Cochrane (1996) , Jagannathan and Wang (1996) , and Jacobs and Wang (2004)), I
use the generalized method of moment (GMM, ) to evaluate the significance of consumption volatility factors. Cochrane (2001, Chapter 15) demonstrates that the GMM approach works well for linear asset pricing models. The cross-sectional model (2.9) satisfies a moment condition of the form:
where ξ (π) is the vector of demeaned factors, R is the vector of excess returns, p is the vector of risk prices and b is the constant term introduced to measure by how much the cross-sectional model fails to predict returns. Demeaned factors depend on the parameter vector π that governs the processes (3.1) and (3.2) of consumption growth and consumption volatility. The vector ι is of same length as R and has all its components equal to one. The moment condition (5.1) holds for a given date and a given horizon. I avoid subscripts in variables and parameters to simplify notations in this section. The vectors ξ (π) and p have two components each. Equation (5.1) is also equivalent to:
where µ R = E [R] and Σ Rξ (π) = E Rξ ⊤ (π) are respectively the vector of mean excess returns and the covariance matrix of excess returns with factors. The latter depends on the parameter vector π of consumption and volatility processes through ξ (π).
Two-Step Estimation With Prespecified Weighting Matrix.
If the parameter vector π were known, then the constant b and the factor risk prices p could be consistently estimated by GMM based on the moment condition (5.1), by minimizing the distance between average actual returns µ R and average predicted returns ιb + Σ Rξ (π) p with respect to a positive definite matrix W . µ R and Σ Rξ (π) are the sample counterparts of the mean vector µ R and the covariance matrix Σ Rξ (π).
Minimizing the distance:
with respect to b and p gives:
For these solutions, the vector of pricing errors and the minimum distance value are given by:
Σ ξR (π) A. I then compute the adjusted central R-squared through the formula: is first maximized to find an estimator of π that is further plugged into the crosssectional estimation to obtain estimates of factor risk prices. With the one-step estimation procedure, I estimate the parameter π, simultaneously with the cross-sectional factor risk prices in a full single-stage GMM system. Let ℓ (π) = ξ ⊤ (π) , ∂lnf ∂π ⊤ ⊤ . In addition to the moment condition (5.1) I consider the moment condition:
I perform the GMM estimation by placing the weighting matrices W and λ Σ −1 ℓℓ (π) respectively on the moments (5.1) and (5.9), and a null matrix on any product of these moments. This one-step estimation can be seen as practically equivalent to the two-step estimation. In the first step, I choose π to minimize
where µ ℓ (π) is the sample counterpart of µ ℓ (π), and where e (π) is defined as in (5.6).
In the second step, I plug π into (5.4) RR . Hansen and Jagannathan (1997) advocate the use of this matrix instead of the optimal weighting matrix. It has two main economically important features. First, it provides estimates that minimize the distance between a stochastic discount factor that depends in a simple linear way on variations in both consumption level and consumption volatility, and the space of true stochastic discount factors. Second, as well as the optimal weighting matrix, the second moment matrix will make the objective function (5.3) invariant to the initial choice of intertemporal portfolios. 12 The portfolios used for the estimation are formed on economically interesting characteristics (size and book-to-market ratio). The second moment matrix will also form economically interesting combinations of these portfolios instead of unusual ones as the optimal matrix will do, and is more likely to provide small pricing errors (Cochrane 2001, Chap. 11).
The R-squared (5.8) when
RR is not interpretable as explanatory power of initial stock risk premia by level and volatility risks. Risk-return correlations in Section (5.8) based on the identity matrix W = I that puts equal weight on initial portfolios, can be used to compare horizon-dependent models since they are all based on equally weighted pricing errors. This R-squared is interpretable in terms of explanatory power of level and volatility risks and is related to squared correlations between risk premium and risks.
Estimation Results
This section will ask whether variations in consumption level and in consumption volatility are statistically significant, as well as if model tests of overindentifying restrictions reject the complete explanation of average stock returns by these factors. However, beyond these econometric issues, I are also and perhaps mostly interested in the economical significance of consumption level and consumption volatility risks for the crosssection of average stock returns. This economical significance contains two major points. Tables 7 and 8. I report the R-squared based on the identity matrix as well as the associated minimum distance between actual and fitted returns. Table 7 shows that, both level and volatility risk prices are estimated insignificantly at all horizons, in the cross-section of one-period holding stock returns. Estimates of volatility risk price are even positive at horizons of three and four years. However, while consumption level and volatility risks appear not statistically significant, they show some economic significance in explaining the cross-section of average one-period stock risk premiums. Both of these risks explain 60% of variations in average one-period returns at the horizon of three years, and 63% of these variations at the horizon of four years. This percentage is 11% at the horizon of one quarter and reflects the welldocumented weakness of contemporaneous consumption risk in explaining differences in stock returns. As discussed in Parker and Julliard (2005) , the fact that the crosssectional model does not perform as this horizon can be related to the low adjustment of consumption to returns. However, the fact that it behaves well for longer horizons, as I can see an increase in the R-squared from the horizon of one quarter, can not only be related to the fact that consumption and consequently volatility have had time to adjust to returns. It also reflects the concerns that investors have about long-run risks both in consumption level and in consumption volatility. Table 8 shows that, both level and volatility risk prices are estimated significantly at longer horizons, in the cross-section of full-period holding stock returns. The price of the volatility risk is everywhere negative but the first horizon. Note from the diagonal of Table 6 all models in the second and the third panels of Figure 7 while the pricing error for portfolio 42 reduces for S = 8, 16. Except for growth portfolios (11, 21, 31 and 42) , volatility risk prices very well one-period returns in each size group and performs better on returns on large firms for long investment horizons. The two last panels of Figure 8 confirms that overall, the volatility risk model has a better fit for long-period returns than the level risk model. Finally, Figure 9 plots level and volatility risk premiums for multiple-period investments in stocks and for different investment horizons. One can notice that, overall for portfolios with both positive level and volatility risk premiums, level risk premium is more important than volatility risk premium for at short horizons while, in the contrary, the volatility risk premium dominates the level risk premium at longer horizons.
Conclusion
Investors have concerns about consumption volatility because they fear the repercussion of macroeconomic uncertainty on their future wealth. Motivated by an affine general equilibrium model with stochastic volatility, I have documented empirical facts supporting a strong relation between stock returns and changes in consumption volatility.
I found that short-period returns are correlated with short-horizon changes in consumption volatility and with long-horizon changes in consumption level, and more so than long-period returns. On the other hand, long-period returns are more correlated with long-run changes in consumption volatility than with long-run changes in consumption level.
The uncertainty on macroeconomic growth as measured by consumption volatility displays a business cycle pattern and has the potential to explain differences in risk premia across the 25 Fama and French size and book-to-market sorted portfolios, even in the presence of long-run consumption risk. The estimation of long-run consumption volatility risk price in the cross-section of long-period returns provides a significant estimate with a negative sign.
A further issue will be to check whether a well-calibrated reduced form consumptionbased general equilibrium model, similar to those considered in previous studies for explaining the aggregate stock market behavior, can also rationalize my empirical findings.
An attempt to this rationalization leads to promising results. 
